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AMENDMENTS TO THE CLAIMS: 

This listing of claims will replace all prior revisions, and listings, of claims in the 
application. 

Listing of Claims: 

1 . (Currently Amended) A chatter resistant shuttle valve to direct fluid flow from at least 
two sources of pressurized fluid to a downstream apparatus, the shuttle valve comprising: 

a body engaging a pair of removable opposing coaxial adapters, the first adapter defining 
a first inlet and the second adapter defining a second inlet, each inlet in fluid communication 
with a source of pressurized fluid and the body having a transverse outlet in fluid communication 
with the downstream apparatus; 

a first metal valve seat surrounding the first inlet and a second metal valve seat 
surrounding the second inlet, the metal valve seats being coaxially aligned on opposite sides of 
the body; 

a first skirt extending from the first adapter and surrounding the first metal valve seat and 
a second skirt extending from the second adapter and surrounding the second metal valve seat; 
an elongate shuttle coaxial with the inlets slidably moving from sealing engagement with the first 
valve seat to sealing engagement with the second valve seat in response to fluid flow from the 
sources of pressurized fluid; 

the shuttle including a central collar with opposing metal sealing surfaces to engage the 
first valve seat and a second opposing sealing surface to engage the second valve seat, the shuttle 
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further including opposing first and second tubular end portions, each with an axial bore and a 
plurality of perforations through the tubular end portion to the bore, 

the central collar having a band formed on an outside diameter, the band being sized to 
alternately slip inside the first skirt and the second skirt with a minimal gap between the outside 
diameter of the collar and an inside diameter of the skirts; 

the first skirt being longer than the length of the collar to completely surround the band of 
the collar when the shuttle is engaged with the first valve seat and the second skirt being longer 
that the length of the collar to completely surround the band of the collar when the shuttle is 
engaged with the second valve seat ; 

the first and second tubular end portions of the shuttle sized to alternatively slip inside a 
first receptacle in the first adapter and a second receptacle in the second adapter with a minimal 
clearance between an outside diameter of the tubular end portions and an inside diameter of the 
receptacles; 

the collar, the first skirt, the first valve seat and the first tubular end portion defining a 
first dampening chamber that receives fluid as the shuttle moves away from the first adapter, the 
first dampening chamber having a first flow bleed gap between the collar and the first skirt and a 
second flow bleed gap between the first tubular end portion and an inside diameter of the firs t 
receptacle the minimal gap rest ri cting the flow of fluid into 4he damp c ning chamb er#em-4he 
outl e t and the minimal clearance between the outside diameter o f the fir s t t ubular end p ortion 
and-fe c inside diameter of the first r e ceptacle restricting the flow of fluid into the fir s ^ ^ampemftg 
chamber from the inle t; and 
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the collar, the second skirt; the second valve seat and the second tubular end portion 
defining a second dampening chamber that receives fluid as the shuttle moves away from the 
second adapter, the second dampening chamber having a first flow bleed gap between the collar 
and the second skirt and a second flow bleed gap between the second tubular end portion and an 
inside diameter of the second receptacle the minimal- gap restricting the flow of fluid i nte-the 
dampening chamber from the -e utlet and the minimal cl earance b etween the outside diamet -e^of 
the second tubular en d-^e rtion and the inside diameter of the second receptacle restricting t he 
flow of the fluid into th e-seeend- dampening cham beaMfce m the inl e t whereby the shuttle is less 
susceptible to disruption from momentary pressure changes from the sources of pressurized 
fluid. 



2-5. (Cancelled) 



6. (Currently Amended) The apparatus of claim 1 wherein the flow bleed gaps mffiima4-gap 
and the minimal cleara nee are between 0.0005 and 0.002 inches for a valve having nominal 
inlets of 1 inch diameter. 



7. (Currently Amended) The apparatus of claim 1 wherein the ratio of the flow bleed gaps 
minimal gap to the diameter of the central collar of the elongate shuttle is about 0.05% to about 
0.2%. 
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8. (Currently Amended) A retrofit kit for an existing shuttle valve to convert the valve to a 
chatter resistant design, the existing shuttle valve directing fluid flow from two or more sources 
of pressurized fluid to a downstream apparatus, the existing shuttle valve having a body with two 
opposing adapter ports and a transverse outlet in fluid communication with the downstream 
apparatus, the retrofit kit comprising: 

a) a pair of removable opposing coaxial adapters each engaging the adapter ports in the 
valve body, the first adapter defining a first inlet and the second adapter defining a second inlet, 
each inlet in fluid communication with a source of pressurized fluid; 

a first metal valve seat surrounding the first inlet and a second metal valve seat 
surrounding the second inlet, the metal valve seats being coaxially aligned on opposite sides of 
the body; 

a first skirt extending from the first adapter and surrounding the first metal valve seat and 
a second skirt extending from the second adapter and surrounding the second metal valve seat; 

b) an elongate shuttle coaxial with the inlets and slidably moving from sealing 
engagement with the first valve seat to sealing engagement with the second valve seat in 
response to differential fluid flow from the sources of pressurized fluid; 

the shuttle including a central collar with opposing metal sealing surfaces to engage the 
valve seats, the shuttle further including opposing first and second tubular end portions, each 
with an axial bore and a plurality of perforations through the tubular end portion to the bore; 
the central collar having a circular band formed on an outside diameter, the circular band being 
sized to alternately slip inside the first skirt and the second skirt with a minimal gap between the 
outside diameter of the collar and an inside diameter of the skirts; 
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the first tubular end portion being sized to slip inside a bore in the first adapter with a 
minimal clearance between the outside diameter of the first end portion and the inside diameter 
of the bore of the first adapter; 

the second tubular end portion being sized to slip inside a bore in the second adapter with 
a minimal space between the outside diameter of the second end portion and the inside diameter 
of the bore of the second adapter; 

the central collar, the first skirt, the first valve seat, and the first tubular end portion 
defining a first dampening chamber having a first flow bleed gap between the collar and the first 
skirt and a second flow bleed gap between the first tubular end portion and the bore in the second 
adapter as the collar comes into sealing engagement with the first valve seat that resists s hort 
duration intervals of low pressure fro m fl uid4nA e outlet and the s econd inlet and retards 
movement o f the s huttle from a closed po s itio n- at the first inl et; and 

the central collar, the second skirt, the second valve seat, and the second tubular end 
portion defining a second dampening chamber having a first flow bleed gap between the collar 
and the second skirt and a second flow bleed gap between the second tubular end portion and the 
bore in the second adapter as the collar comes into sealing engagement with the second valve 
seat that resists short duration intervals o fjew-press ure from fluid in the outlet and the first inlet 
and retards m o vement of the shut tl e fr o m a elese d position at the second in let. 

9. (Original) The apparatus of claim 8 wherein fluid flows a) from the outlet and the 

second inlet into the first dampening chamber through an annular area between the first skirt and 
the shuttle central collar and fluid flows b) from the first inlet into the first dampening chamber 
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through an annular area between the first tubular end portion of the shuttle and the bore of the 
first adapter. 

10-13. (Cancelled) 

14. (Currently Amended) The apparatus of claim 8 wherein the flow bleed gaps minimal g ap 
and the m in imal clearance are between 0.0005 and 0.002 inches for a valve having nominal 
inlets of 1 inch diameter. 

15. (Currently Amended) The apparatus of claim 8 wherein the ratio of the flow bleed gaps 
minimal gap to the diameter of the central collar of the elongate shuttle is about 0.05% to about 
0.2%. 

16. (Currently Amended) A chatter resistant shuttle valve installed subsea at a depth of at 
least 5,000 feet comprising: 

a body engaging a pair of removable opposing coaxial adapters, the first adapter defining 
a first inlet and the second adapter defining a second inlet, each inlet in fluid communication 
with a source of pressurized fluid and the body having a transverse outlet in fluid communication 
with the downstream apparatus; 

a first metal valve seat surrounding the first inlet and a second metal valve seat 
surrounding the second inlet, the metal valve seats being coaxially aligned on opposite sides of 
the body; 
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a first skirt extending from the first adapter and surrounding the first metal valve seat and 
a second skirt extending from the second adapter and surrounding the second metal valve seat; 

an elongate shuttle coaxial with the inlets slidably moving from sealing engagement with 
the first valve seat to sealing engagement with the second valve seat in response to fluid flow 
from the sources of pressurized fluid; 

the shuttle including a central collar with opposing metal sealing surfaces to engage the 
first valve seat and a second opposing sealing surface to engage the valve seats, the shuttle 
further including opposing first and second tubular end portions, each with an axial bore and a 
plurality of perforations through the tubular end portion to the bore; 

the central collar having a band formed on an outside diameter, the band being sized to 
alternately slip inside the first skirt and the second skirt with a minimal gap between the outside 
diameter of the collar and an inside diameter of the skirts; 

the first and second tubular end portions of the shuttle sized to alternatively slip inside a 
first receptacle in the first adapter and a second receptacle in the second adapter with a minimal 
clearance between an outside diameter of the tubular end portions and an inside diameter of the 
receptacles; 

the collar, the first skirt, the first valve seat and the first tubular end portion defining a 
first dampening chamber that receives fluid as the shuttle moves away from the first adapter, the 
first dampening chamber having a first flow bleed gap between the collar and the first skirt and a 
second flow bleed gap between the first tubular end portion and an inside diameter of the first 
receptacle the minimal gap restricting the flow of fluid into the dampening chamber from the 



STLD014233565-v2-Amendment_A.DOC 



Application of: Thomas B. Thrash, Jr. 
Serial No.: 10/604,676 
Amendment A 
Page 9 

outlet and the minimal clearance between the outside diameter - of the first tubular end portio n 
and the inside diameter of the first receptacle restricting -t hc flow of fluid into the first dampening 
chamber from the inlet; 

the collar, the second skirt; the second valve seat and the second tubular end portion 
defining a second dampening chamber that receives fluid as the shuttle moves away from the 
second adapter, the second dampening chamber having a first flow bleed gap between the collar 
and the second skirt and a second flow bleed gap between the second tubular end portion and the 
inside diameter of the second receptacle the minimal gap -r estricting the flow of fluid in te-4fae 
damp ening chamber from th e- outlot and the minimal clearance between the outside diameter ef 
the-see ond tubular end portion and the inside diameter of the second receptacle restricting th e 

■ flow of the fluid into the second dampening chamber from the inlet whereby the shuttle is les s 
susceptible to disruption fr om- momentary pressure changes from the sources of pressurize d 
fluid; and 

whereby a shuttle valve with a 1 inch nominal inlet diameter creates a dampening force 
in excess of 2,000 psi on the shuttle. 

1 7. (Currently Amended) A chatter resistant shuttle valve installed subsea at a depth of at 
least 10,000 feet comprising: ? 

a body engaging a pair of removable opposing coaxial adapters, the first adapter defining 
a first inlet and the second adapter defining a second inlet, each inlet in fluid communication 
with a source of pressurized fluid and the body having a transverse outlet in fluid communication 
with the downstream apparatus; 
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a first metal valve seat surrounding the first inlet and a second metal valve seat 
surrounding the second inlet, the metal valve seats being coaxially aligned on opposite sides of 
the body; 

a first skirt, extending from the first adapter and surrounding the first metal valve seat and 
a second skirt extending from the second adapter and surrounding the second metal valve seat; 
an elongate shuttle coaxial with the inlets slidably moving from sealing engagement with the first 
valve seat to sealing engagement with the second valve seat in response to fluid flow from the 
sources of pressurized fluid; 

the shuttle including a central collar with opposing metal sealing surfaces to engage the 
first valve seat and a second opposing sealing surface to engage the valve seats, the shuttle 

further including opposing first and second tubular end portions, each with an axial bore and a 
plurality of perforations through the tubular end portion to the bore; 

the central collar having a band formed on an outside diameter, the band being sized to 
alternately slip inside the first skirt and the second skirt with a minimal gap between the outside 
diameter of the collar and an inside diameter of the skirts; 

the first and second tubular end portions of the shuttle sized to alternatively slip inside a 
first receptacle in the first adapter and a second receptacle in the second adapter with a minimal 
clearance between an outside diameter of the tubular end portions and an inside diameter of the 
receptacles; 

the collar, the first skirt, the first valve seat and the first tubular end portion defining a 
first dampening chamber that receives fluid as the shuttle moves away from the first adapter, the 
first dampening chamber having a first flow bleed gap between the collar and the first skirt and a 
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second flow bleed gap between the first tubular end portion and an inside diameter of the first 
receptacle t he minimal g a p r e st ricting the flow of fluid into the dampening chamber from the 
outlet and the minimal clearance betw ee n the outside diameter of the first tubular end portion 
and the inside diameter of the first receptacle restricting the flow of fluid in te4h e first dampening 
chamber from the-Met; 

the collar, the second skirt; the second valve seat and the second tubular end portion 
defining a second dampening chamber that receives fluid as the shuttle moves away from the 
second adapter, the second dampening chamber having a first flow bleed gap between the collar 
and the second skirt and a second flow bleed gap between the second tubular end portion and an 
inside diameter of the second receptacle the minimal gap restricting the flow e f fluid into the 

dampening chamber from the outlet and the minimal clearance between the outside dia metet^ef 
th e se con d tubular end portion and the insid e-d iameter of the second rec epta cle restricting the 
flow of the flui d in to the second dampening cham b er from the inlet whereb y- the shuttle is less 
susceptible to disruptien-from momentary pressure changes from the sources of pressu rized 
fluid; and 

whereby a shuttle valve with a nominal 1 inch inlet diameter creates a dampening force 
in excess of 4,000 psi on the shuttle. 

18. (Currently Amended) A method of converting an existing shuttle valve to a chatter 
resistant design using a retrofit kit, the existing shuttle valve having a shuttle to direct fluid flow 
from two or more sources of pressurized fluid to a downstream apparatus, the existing shuttle 
valve having a body with two opposing removable adapters each engaging opposing adapter 
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ports and the body having a transverse outlet in fluid communication with the downstream 
apparatus, the method comprising: 

a) removing the existing adapters and the existing shuttle from the valve; 

b) installing a first coaxial adapter in one of the adapter ports in the valve body, the first 
adapter defining a first inlet in fluid communication with a source of pressurized fluid, the first 
adapter having a first metal valve seat surrounding the first inlet, a first skirt extending from the 
first adapter and surrounding the first metal valve seat; 

c) installing an elongate shuttle coaxial with the first inlet; 

the shuttle including a central collar with a first sealing surface and a second opposing 
sealing surfaces, the shuttle further including opposing first and second tubular end portions; 

the central collar having a circular band formed on an outside diameter, the circular band 
being sized to slip inside the first skirt with a minimal gap between the outside diameter of the 
collar and an inside diameter of the first skirt; 

the first tubular end portion of the shuttle sized to slip inside a first bore in the first 
adapter with a minimal clearance between an outside diameter of the tubular end portion and an 
inside diameter of the bore; 

the central collar, the first skirt, the first valve seat, the first tubular end portion defining a 
first dampening chamber that resists short duration intervals of low pressure from fluid in the 
outlet and retards movement of the shuttle from a closed position at the first inlet, the first 
dampening chamber having a first flow bleed gap between the collar and the first skirt and a 
second flow bleed gap between the first tubular end portion and an inside diameter of the first 
receptacle ; 
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d) installing a second adapter in the second adapter port in the valve body, the second 
adapter defining a second inlet in fluid communication with a source of pressurized fluid, the 
second adapter having second metal valve seat surrounding the second inlet and a second skirt 
extending from the second adapter and surrounding the second metal valve seat; 

the flat band formed on the collar being sized to slip inside the second skirt with a 
minimal gap between the outside diameter of the collar and an inside diameter of the second 
skirt; 

the second tubular end portion of the shuttle sized to slip inside a second bore in the 
second adapter with a minimal clearance between an outside diameter of the second tubular end 
portion and an inside diameter of the second bore; and 

the central collar, the second skirt, the second valve seat, and the second tubular end 
portion defining a second dampening chamber that resists short duration intervals of low 
pressure from fluid in the outlet and the first inlet and retards movement of the shuttle from a 
closed position at the second inlet , the second dampening chamber having a first flow bleed gap 
between the collar and the second skirt and a second flow bleed gap between the second tubular 
end portion and an inside diameter of the second receptacle . 

1 9. (Withdrawn) A stacked chatter resistant shuttle valve to direct fluid flow from at least 
three sources of pressurized fluid to a downstream apparatus, the body shuttle valve comprising: 
a body having a first supply port and a plurality of adapters defining subsequent supply ports and 
a function port, each supply port in fluid communication with one source of pressurized fluid, 
and the function port in fluid communication with the downstream apparatus; 
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a zigzag shaped fluid passageway in the body connecting the supply ports and the 
function port allowing fluid to move from the sources of pressurized fluid, through the supply 
ports, through the fluid passageway, through the function port to the downstream apparatus; 

each adapter having a first metal valve seat surrounding the supply port and an opposing 
coaxial metal valve seat surrounding a section of the passageway; 

a skirt extending from each adapter and surrounding each metal valve seat; 

each of the subsequent supply ports having a shuttle coaxial with the metal valve seats, 
slidably moving from sealing engagement with the first valve seat to sealing engagement with 
the opposing valve seat in response to fluid flow from the sources of pressurized fluid each 
shuttle including a central collar with opposing metal sealing surfaces to engage the first valve 
seat and the opposing valve seat, each shuttle further including opposing first and second tubular 
end portions, each with an axial bore and a plurality of perforations through the tubular end 
portion to the bore; 

each central collar having a band formed on an outside diameter, the band being sized to 
slip inside the skirt with a minimal gap between the outside diameter of each collar and an inside 
diameter of each skirt; 

the first and second tubular end portions of each shuttle sized to alternatively slip inside a 
first receptacle in each adapter and a second receptacle in the body with a minimal clearance 
between an outside diameter of the tubular end portions and an inside diameter of the 
receptacles; 

each collar, each skirt, each valve seat and each tubular end portion defining a respective 
dampening chamber proximate each adapter that receives fluid as the shuttle moves away from 
the adapter, the minimal gap restricting the flow of fluid into each dampening chamber from the 
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outlet and the minimal clearance restricting the flow of fluid into each dampening chamber from 
the inlet; whereby each shuttle is less susceptible to disruption from momentary pressure changes 
from the sources of pressurized fluid. 

20. (Withdrawn) The apparatus of claim 19 wherein each shuttle will oscillate from sealing 
engagement with one valve seat to sealing engagement with the opposing valve seat five times or 
less in response to full differential pressure from the sources of pressurized fluid. 

21 . (Withdrawn) The apparatus of claim 19 wherein the amount of time it takes each shuttle 
to move from sealing engagement with one valve seat to sealing engagement with the opposing 
valve seat under full differential pressure from the sources of pressurized fluid is in the range of 
about 1/8 to 1/12 second. 

22. (Withdrawn) The apparatus of claim 19 wherein the amount of time it takes each shuttle 
to move from sealing engagement with one valve seat to sealing engagement with the opposing 
valve seat under full differential pressure from the sources of pressurized fluid is about 1/10 
second. 

23. (Withdrawn) The apparatus of claim 19 wherein each shuttle does not move from 
sealing engagement with one valve seat to sealing engagement with the opposing valve seat in 
respond to pressure spikes having a duration of 1/13 second or shorter. 
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24. (Withdrawn) The apparatus of claim 19 wherein the minimal gap and the minimal 
clearance are between 0.0005 and 0.002 inches for a valve having nominal inlets of 1 inch 
diameter. 

25. (Withdrawn) The apparatus of claim 19 wherein the ratio of the minimal gap to the 
diameter of the central collar of each elongate shuttle is about 0.05% to about 0.2%. 

26. (Withdrawn) A retrofit kit for an existing stacked shuttle valve to convert the valve to a 
chatter resistant design, the existing stacked shuttle valve directing fluid flow from three or more 
sources of pressurized fluid to a downstream apparatus, the existing shuttle valve having a body 
with a plurality of adapter ports and a transverse outlet in fluid communication with the 
downstream apparatus, the retrofit kit comprising: 

c) a plurality of removable adapters each engaging the adapter ports in the valve body, 
each adapter defining an inlet in fluid communication with a source of pressurized fluid; 

a metal valve seat surrounding an inlet in each adapter; 

a skirt extending from the adapter and surrounding each metal valve seat in each adapter; 

d) a plurality of shuttles coaxial with the inlet and slidably moving from sealing 
engagement with the first valve seat to sealing engagement with the second valve seat in the 
body in response to differential fluid flow from the sources of pressurized fluid; 

each shuttle including a central collar with opposing metal sealing surfaces to engage the 
valve seats, the shuttle further including opposing first and second tubular end portions, each 
with an axial bore and a plurality of perforations through the tubular end portion to the bore; 
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the central collar having a circular band formed on an outside diameter, the circular band 
being sized to alternately slip inside the first skirt with a minimal gap between the outside 
diameter of the collar and an inside diameter of the skirt; 

the first tubular end portion being sized to slip inside a bore in the first adapter with a 
minimal clearance between the outside diameter of the first end portion and the inside diameter 
of the bore of the first adapter; 

the second tubular end portion being sized to slip inside a bore in the second adapter with 
a minimal space between the outside diameter of the second end portion and the inside diameter 
of the bore of the second adapter; and 

each central collar, each skirt, each valve seat in the adapter, and each tubular end portion 
proximate the adapter, defining a dampening chamber that resists short duration intervals of low 
pressure fluid in the outlet and the inlets and retards movement of the shuttle from a closed 
position at the inlet, 

27. (Withdrawn) A chatter resistant shuttle valve to direct fluid flow from at least two 
sources of pressurized fluid to a downstream apparatus, the shuttle valve comprising: 

a body engaging a pair of removable opposing coaxial adapters, the first adapter defining 
a first inlet and the second adapter defining a second inlet, each inlet in fluid communication 
with a source of pressurized fluid and the body having a transverse outlet in fluid communication 
with the downstream apparatus; 

a first metal valve seat surrounding the first inlet and a second metal valve seat 
surrounding the second inlet, the metal valve seats being coaxially aligned on opposite sides of 
the body; 
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a first lip extending from the body and surrounding the first metal valve seat and a second 
lip extending from the body and surrounding the second metal valve seat; 

an elongate shuttle coaxial with the inlets slidably moving from sealing engagement with 
the first valve seat to sealing engagement with the second valve seat in response to fluid flow 
from the sources of pressurized fluid; 

the shuttle including a central collar with opposing metal sealing surfaces to engage the 
first valve seat and a second opposing sealing surface to engage the second valve seat 5 the shuttle 
further including opposing first and second tubular end portions, each with an axial bore and a 
plurality of perforations through the tubular end portion to the bore; 

the central collar having a band formed on an outside diameter, the band being sized to 
alternately slip inside the first lip and the second lip with a minimal gap between the outside 
diameter of the collar and an inside diameter of the lips; 

the first and second tubular end portions of the shuttle sized to alternatively slip inside a 
first receptacle in the first adapter and a second receptacle in the second adapter with a minimal 
clearance between an outside diameter of the tubular end portions and an inside diameter of the 
receptacles; 

the collar, the first lip, the first valve seat and the first tubular end portion defining a first 
dampening chamber that receives fluid as the shuttle moves away from the first adapter, the 
minimal gap restricting the flow of fluid into the dampening chamber from the outlet and the 
minimal clearance between the outside diameter of the first tubular end portion and the inside 
diameter of the receptacle restricting the flow of fluid into the first dampening chamber from the 
inlet; and 
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the collar, the second lip, the second valve seat and the second tubular end portion 
defining a second dampening chamber that receives fluid as the shuttle moves away from the 
second adapter, the minimal gap restricting the flow of fluid into the dampening chamber from 
the outlet and the minimal clearance between the outside diameter of the second tubular end 
portion and the inside diameter of the second receptacle restricting the flow of the fluid into the 
second dampening chamber from the inlet whereby the shuttle is less susceptible to disruption 
from momentary pressure changes from the sources of pressurized fluid. 

28. (Withdrawn) The apparatus of claim 27 wherein the shuttle will oscillate from sealing 
engagement with one valve seat to sealing engagement with the opposing valve seat five times or 
less in response to full differential pressure from the sources of pressurized fluid. 

29. (Withdrawn) The apparatus of claim 27 wherein the amount of time it takes the shuttle 
to move from sealing engagement with one valve seat to sealing engagement with the opposing 
valve seat under full differential pressure from the sources of pressurized fluid is in the range of 
about 1/8 to 1/12 second. 

30. (Withdrawn) The apparatus of claim 27 wherein the amount of time it takes the shuttle 
to move from sealing engagement with one valve seat to sealing engagement with the opposing 
valve seat under full differential pressure from the sources of pressurized fluid is about 1/10 
second. 
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3 1 . (Withdrawn) The apparatus of claim 27 wherein the shuttle does not move from sealing 
engagement with one valve seat to sealing engagement with the opposing valve seat in respond 
to pressure spikes having a duration of 1/13 second or shorter. 

32. (Withdrawn) The apparatus of claim 27 wherein the minimal gap and the minimal 
clearance are between 0,0005 and 0.002 inches for a valve having nominal inlets of 1 inch 
diameter. 

33. (Withdrawn) The apparatus of claim 27 wherein the ratio of the minimal gap to the 
diameter of the central collar of the elongate shuttle is about 0.05% to about 0.2%. 

34. (Withdrawn) A retrofit kit for an existing shuttle valve to convert the valve to a chatter 
resistant design, the existing shuttle valve directing fluid flow from two or more sources of 
pressurized fluid to a downstream apparatus, the existing shuttle valve having a body with two 
opposing adapter ports and a transverse outlet in fluid communication with the downstream 
apparatus, the existing shuttle valve further including a pair of removable opposing coaxial 
adapters each engaging the adapter ports in the valve body, the first adapter defining a first inlet 
and the second adapter defining a second inlet, each inlet in fluid communication with a source 
of pressurized fluid, the adapters further defining a first metal valve seat surrounding the first 
inlet and a second metal valve seat surrounding the second inlet, the metal valve seats being 
coaxially aligned on opposite sides of the valve body, the valve body further defining a first lip 
extending from the body and surrounding the first metal valve seat and a second lip extending 
from the body and surrounding the second metal valve seat, the retrofit kit comprising: 
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an elongate shuttle coaxial with the inlets and slidably moving from sealing engagement 
with the first valve seat to sealing engagement with the second valve seat in response to 
differential fluid flow from the sources of pressurized fluid; 

the shuttle including an enlarged central collar with opposing metal sealing surfaces to 
engage the valve seats, the shuttle further including opposing first and second tubular end 
portions, each with an axial bore and a plurality of perforations through the tubular end portion 
to the bore; 

the central collar having a circular band formed on an outside diameter, the circular band 
being sized to alternately slip inside the first lip and the second lip with a minimal gap between 
the outside diameter of the collar and an inside diameter of the lips; 

the first tubular end portion being sized to slip inside a bore in the first adapter with a 
minimal clearance between the outside diameter of the first end portion and the inside diameter 
of the bore of the first adapter; 

the second tubular end portion being sized to slip inside a bore in the second adapter with 
a minimal clearance between the outside diameter of the second end portion and the inside 
diameter of the bore of the second adapter; 

the central collar, the first lip, the first valve seat, and the first tubular end portion 
defining a first dampening chamber that resists short duration intervals of low pressure from 
fluid in the outlet and the second inlet and retards movement of the shuttle from a closed position 
at the first inlet; and 

the central collar, the second lip, the second valve seat, and the second tubular end 
portion defining a second dampening chamber that resists short duration intervals of low 
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pressure from fluid in the outlet and the first inlet and retards movement of the shuttle from a 
closed position at the second inlet. 

35. (Withdrawn) The apparatus of claim 34 wherein fluid flows a) from the outlet and the 
second inlet into the first dampening chamber through an annular area between the first lip and 
the shuttle central collar and fluid flows b) from the first inlet into the first dampening chamber 
through an annular area between the first tubular end portion of the shuttle and the bore of the 
first adapter. 

36. (Withdrawn) The apparatus of claim 34 wherein the shuttle will oscillate from sealing 
engagement with one valve seat to sealing engagement with the opposing valve seat five times or 
less in response to full differential pressure from the sources of pressurized fluid. 

37. (Withdrawn) The apparatus of claim 34 wherein the amount of time it takes the shuttle 
to move from sealing engagement with one valve seat to sealing engagement with the opposing 
valve seat under full differential pressure from the sources of pressurized fluid is in the range of 
about 1/8 to 1/12 second. 

38. (Withdrawn) The apparatus of claim 34 wherein the amount of time it takes the shuttle 
to move from sealing engagement with one valve seat to sealing engagement with the opposing 
valve seat under full differential pressure from the sources of pressurized fluid is about 1/10 
second. 
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39. (Withdrawn) The apparatus of claim 34 wherein the shuttle does not move from sealing 
engagement with one valve seat to sealing engagement with the opposing valve seat in respond 
to pressure spikes having a duration of 1/13 second or shorter. 

40. (Withdrawn) The apparatus of claim 34 wherein the minimal gap and the minimal 
clearance are between 0.0005 and 0.002 inches for a valve having nominal inlets of 1 inch 
diameter. 

41 . (Withdrawn) The apparatus of claim 34 wherein the ratio of the minimal gap to the 
diameter of the central collar of the elongate shuttle is about 0.05% to about 0.2%. 

42. (Withdrawn) A stacked chatter resistant shuttle valve to direct fluid flow from at least 
three sources of pressurized fluid to a downstream apparatus, the stacked shuttle valve 
comprising: 

a segmented body having a first supply port and a plurality of adapters defining 
subsequent supply ports and a function port, each supply port in fluid communication with one 
source of pressurized fluid, and the function port in fluid communication with the downstream 
apparatus; 

a zigzag shaped fluid passageway in the body connecting the supply ports and the 
function port allowing fluid to move from the sources of pressurized fluid, through the supply 
ports, through the fluid passageway, through the function port to the downstream apparatus; 

each adapter having a first metal valve seat surrounding the supply port: 
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the segmented body defining opposing metal valve seats coaxial with each adapter, each 
opposing valve seat surrounding a portion of the passageway; 

each body segment further defining a lip surrounding each opposing coaxial metal valve 

seat; 

each of the subsequent supply ports having a shuttle coaxial with the metal valve seats, 
slidably moving from sealing engagement with the first valve seat to sealing engagement with 
the opposing valve seat in response to fluid flow from the sources of pressurized fluid 
each shuttle including a central collar with opposing metal sealing surfaces to engage the first 
valve seat and the opposing valve seat, each shuttle further including opposing first and second 
tubular end portions, each with an axial bore and a plurality of perforations through the tubular 
end portion to the bore; 

each central collar having a band formed on an outside diameter, the band being sized to 
slip inside the lip with a minimal gap between the outside diameter of each collar and an inside 
diameter of each lip; 

the first and second tubular end portions of each shuttle sized to alternatively slip inside a 
first receptacle in each adapter and a second receptacle in the body with a minimal clearance 
between an outside diameter of the tubular end portions and an inside diameter of the 
receptacles; and 

each collar, each lip, each opposing coaxial metal valve seat surrounding a section of the 
passageway and a tubular end portion defining a respective dampening chamber opposite each 
adapter that receives fluid as the shuttle moves away from the body, the minimal gap restricting 
the flow of fluid into each dampening chamber from the outlet and the minimal clearance 
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restricting the flow of fluid into each dampening chamber from the inlets; whereby each shuttle 
is less susceptible to disruption from momentary pressure changes from the sources of 
pressurized fluid. 

43. (Withdrawn) The apparatus of claim 42 wherein each shuttle will oscillate from sealing 
engagement with one valve seat to sealing engagement with the opposing valve seat five times or 
less in response to full differential pressure from the sources of pressurized fluid. 

44. (Withdrawn) The apparatus of claim 42 wherein the amount of time it takes each shuttle 
to move from sealing engagement with one valve seat to sealing engagement with the opposing 
valve seat under full differential pressure from the sources of pressurized fluid is in the range of 
about 1/8 to 1/12 second. 

45. (Withdrawn) The apparatus of claim 42 wherein the amount of time it takes each shuttle 
to move from sealing engagement with one valve seat to sealing engagement with the opposing 
valve seat under full differential pressure from the sources of pressurized fluid is about 1/10 
second. 

46. (Withdrawn) The apparatus of claim 42 wherein each shuttle does not move from 
sealing engagement with one valve seat to sealing engagement with the opposing valve seat in 
respond to pressure spikes having a duration of 1/13 second or shorter. 
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47. (Withdrawn) The apparatus of claim 42 wherein the minimal gap and the minimal 
clearance are between 0.0005 and 0.002 inches for a valve having nominal inlets of 1 inch 
diameter. 

48. (Withdrawn) The apparatus of claim 42 wherein the ratio of the minimal gap to the 
diameter of the central collar of each elongate shuttle is about 0.05% to about 0.2%. 

49. (Withdrawn) A retrofit kit for an existing stacked shuttle valve to convert the valve to a 
chatter resistant design, the existing stacked shuttle valve directing fluid flow from three or more 
sources of pressurized fluid through a transverse outlet to a downstream apparatus, the stacked 
shuttle valve further including a plurality of removable segmented body portions each receiving 
an adapter, each adapter defining an inlet in fluid communication with a source of pressurized 
fluid, each segmented body portion having a metal valve seat opposing each adapter and a lip 
surrounding each metal valve seat, the retrofit kit comprising: 

a plurality of shuttles coaxial with the inlets and slidably moving from sealing 
engagement with the first valve seat to sealing engagement with the second valve seat in the 
body in response to differential fluid flow from the sources of pressurized fluid; 

each shuttle including an enlarged central collar with opposing metal sealing surfaces to 
engage the valve seats, the shuttle further including opposing first and second tubular end 
portions, each with an axial bore and a plurality of perforations through the tubular end portion 
to the bore; 
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the central collar having a circular band formed on an outside diameter 5 the circular band 
being sized to slip inside the lip with a minimal gap between the outside diameter of the collar 
and an inside diameter of the lip; 

the tubular end portion being sized to slip inside a bore in the segmented body portion 
with a minimal clearance between the outside diameter of the first end portion and the inside 
diameter of the bore in each segmented body portion; and 

each central collar, each lip, each valve seat in each segmented body portion, and each 
tubular end portion opposite the adapter, defining a dampening chamber that resists short 
duration intervals of low pressure fluid in the outlet and the inlets that retards movement of the 
shuttle away from the body. 

50. (Withdrawn) A chatter resistant shuttle valve to direct fluid flow from at least two 
sources of pressurized fluid to a downstream apparatus, the shuttle valve comprising: 

a body having first and second inlets and an outlet in flow communication with one 
another; 

a pair of valve seats positioned within said body, each valve seat surrounding a respective 
said first or second inlet; 

a shuttle moveably mounted within said body and having a pair of opposed valve seat 
engaging surfaces adapted to selectively engage a respective valve seat, said shuttle having a 
radially projecting collar generally centrally along the length of the shuttle with the valve seat 
engaging surfaces on opposite sides of the collar, said shuttle having a pair of tubular members, 
each tubular member extending from an opposite side of the collar, said tubular members each 
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having an outer surface and said collar having an outer surface, said tubular members each being 
received within a respective receptacle positioned within the valve body, each said receptacle 
having an inside surface mating to a respective tubular member outside surface; 

at least one variable volume dampening chamber formed between a valve seat engaging 
surface on said collar and its respective valve seat the exterior of the respective tubular member 
and a surface partially defining an outer periphery of a pocket at a central end of a receptacle 
with the pocket having a diameter larger than the diameter of the respective receptacle, and 

at least one bleed flow path communicating with the dampening chamber for receiving 
fluid within the valve therein as the shuttle moves from a closed position wherein the dampening 
chamber has a substantially no volume toward an open position, said bleed flow passage to the 
dampening chamber being such that the shuttle has a controlled rate of opening movement from 
the valve seat. 

5 1 . (Withdrawn) A chatter resistant shuttle valve as set forth in claim 50 wherein there is a 
said dampening chamber on each side of said collar. 

52. (Withdrawn) A chatter resistant shuttle valve as set forth in claim 50 wherein the bleed 
flow passage has increasing size from the respective valve seat to its respective valve open 
position. 
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